INTRODUCTION
In a brief note 2 attention has recently been directed to the discovery of a partial skeleton of a large sauropod dinosaur in the Upper Cretaceous of central Utah. It is proposed to give here a detailed discussion of its relationships. Its geologic occurrence has been described by E. M. Spieker. 3 The general appearance of the area on which the specimen was found is shown on plate 3 and close views of the quarry on plate 4. The broader relationships of the locality are shown on the map included by Spieker in his description of the Wasatch Plateau. 4 The discovery of the specimen by the 1937 Smithsonian Paleontological Expedition is of more than ordinary interest: (1) It substantiates the authenticity of the original discovery that sauropod dinosaurs may be found in the Upper Cretaceous of North America; (2) it demonstrates the presence of a member of the family Titanosauridae in North America; (3) it permits for the first time an adequate diagnosis of the genus AlamosauTUs; and (4) it strongly suggests that the North Hom formation may be the equivalent in age of the Ojo Alamo formation of New Mexico. 1 Late Curator of Vertebrate Paleontology, U. S. National Museum. This paper is a product of informal cooperation between the Geological Survey and the U. S. National Museum and is published by permission of the Secretary, Smithsonian Institution.
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In view of the fact that the Titanosauridae have hitherto not been positively recognized as occurring in North America, a brief review of the family seems appropriate.
The term Titanosauridae was proposed by Lydekker 6 in 1893 to include the sauropodous dinosaurs described by him from India and South America. At that time he provisionally defined the family as follows:
Sauropodous dinosaurs in which the caudal vertebrae, with the exception of the first, are procoelus, the presacrals opisthocoelus, and the lumbars without lateral cavities; the superior extremities of the chevron bones being open.
The family Titanosauridae has since become the repository of practically all the Cretaceous sauropod dinosaurs that have been described. In many instances these assignments rest primarily on the presence of similar procoelus caudal vertebrae. If correctly referred, representatives of this family have been reported from India," Indo-China, Madagascar," Egypt," Transylvania," southern France," Isle of Wight.!' Brazil,12 Patagonia," South Africa,'! and North America." Thus it would appear that the Titanosauridae have the widest geographical range of any known family of the Dinosauria. 8 Stromer, E , Ergebnisse der Forschungsreisen Prof. E. Stromers in den Wllsten Agyptens, II. Wirbeltierreste der Baharle-Stufe (unterstes Cenoman) 11. Sauropoda: Bayer. Akad Huene 16 was the first to assign the genus Alamosaurus to the Titanosauridae, an assignment proved correct by the specimen here discussed.
From the information furnished by the Utah specimen, in conjunction with a review of the literature, the definition of the family Titanosauridae may now be amplified as follows:
First caudal vertebra with biconvex centrum; other caudals strongly procoelous; neural arches on most of the caudals attached to the anterior half of the centrum; caudals without lateral cavities; presacrals opisthocoelus; 5 or 6 vertebrae in sacrum; all chevron bones open at articular end; pubes not narrowing distally; ischia short and wide, without especial distal thickening.
The following genera have been included in this family: Titanosaurus, India, Indo-China, and South America; Argyosaurus, Laplatasaurue, Antarctosaurus, Campylodon, all from South America; Macrurosaurus, England; Hypselosaurus, Aepyosaurus, both from southern France; Aegyptosaurus, Egypt; 4-lgosaurus, South Africa; and Alamosaurus, New Mexico.
When more complete specimens are found, it is quite probable that some of these genera will be shown to have other family affiliations.
Genus ALAMOSAURUS Gilmore Alamosaurus Gilmore, Smithsonian Misc. ColI., vol. 72, no. 14, pp' 1-9, pls, 1-2, 1922.
Genotype: Alomosaurue sanjuanensis Gilmore. The genus Alamoscurus was established on a meager specimen collected by John B. Reeside, Jr., from the Oio Alamo formation, Upper Cretaceous, in New Mexico. The type material consists of two bones, a left scapula and a right ischium, somewhat incomplete and perhaps pertaining to two individuals. The rather unusual procedure of founding a genus on such scanty evidence was justified on the ground that this was the first authentic record of the occurrence of sauropodous dinosaur remains in the Upper Cretaceous of North America. Fortunately, the specimen found in Utah has a scapula and both ischia preserved, thus permitting the fullest possible comparison to be made.
The present specimen is in close agreement with the type in all important particulars, and as the slight differences observed could not be considered of specific importance, I refer this specimen to Alamosaurus sanjuanensis.
Contributory evidence of the correctness of this conclusion is furnished by a second specimen from the type area-No. 15658, United States National Museum. This specimen consists of approximately the twenty-first caudal centrum and a caudal neural spine collected in 1916 by John B. Reeside, Jr., from a shale bed 3 to 8 feet above the base of the Ojo Alamo formation, in Barrel Springs Arroyo, west of the road, 1 mile south of Ojo Alamo, 16 Huene, Friedrich von, op, cit., p. 118, 1929. N. Mex. These bones are in perfect agreement with the caudal vertebrae of the Utah specimen, down to the smallest details. Thus it is shown that these typically procoelous caudal vertebrae also may be found in the same formation as the type materials on which the genus Alamosaurus was established and to that extent verify the identification of the Utah specimen with the meager materials from New Mexico. For the first time an adequate diagnosis of the skeletal characteristics of the genus Alamosaurus is possible.
Diagnosis: First caudal vertebra with biconvex centrum; other caudals procoelous; spines of anteriorly caudal vertebrae relatively short; neural arches arising from the anterior half of the centra; prezygapophyses long, with articular faces looking more strongly inward than upward; transverse processes on -first eight caudals, stout and raking backward; 25 chevrons, the first carried by caudal 1, none bridged across at the articular end; scapula with blade regularly widening from the narrowest diameter upward, blade wide throughout; spine at right angles to longest axis of scapula; ischia short, narrowing but little distally, joined along median line for their full length; humerus long in relation to length of radius and ulna; ulna with short, stout olecranon process; five metacarpels, stout, first and second subequal in length; sternal bones very large.
Alamosaurus sanjuanensis Gilmore
Alamosaurus sanjuanensis Gilmore, Smithsonian Mise ColI. vol: 72, no. 14, pp. 1-9, pls. 1-2, 1922.
Specimen: United States National Museum 15560. Consists of 30 articulated caudal vertebrae, beginning with the first; 25 chevrons; 2 ischia, right somewhat incomplete;1eft scapula and coracoid; right humerus, ulna, radius, and metacarpus articulated; 2 sternal plates and parts of 3 ribs. Although not collected, the sacrum was observed in the field, and evidence was noted that the complete sacrum consisted of 5 vertebrae. The tail is represented by 30 consecutive vertebrae, beginning with the first and retaining f!J.I the chevrons.
In place, the tail showed a slight displacement between the ninth and tenth vertebrae but otherwise formed an articulated series. All tail vertebrae, except caudal 1, are strongly procoelous. None of the centra have lateral I cavities. The anterior caudals are relatively long; short centra, such as are found in Camorasaurue, Apatosaurus, and Diplodocus, are lacking.
The first caudal in Alamosaurtts is characterized by its biconvex centrum, a feature found elsewhere among the Reptilia only in the Crocodilidae. Viewed from the front this centrum is subrectangiilar in outline, with the greatest diameter vertically, The anterior ball is more evenly rounded than the posterior and projects prominently forward from the centrum. (See pI. 5, fig. 1 .)
The neural arch is low, restricted fore and aft, and arises wholly from the anterior half of the centrum. The diapophyses are thin, winglike processes that spring about equally from the sides of the centrum and arch, extending outward nearly at right angles to the bone. Both processes are slightly incomplete, but the right one gives a , fairly good idea of its main features. .(See pI. 8, fig. 1 .) The upper border slopes steeply downward and outward from the level of the prezygapophyses as a thin plate, being thickened only along the ventral border. The extreme outer end is missing on both processes.
The prezygapophyses are lacking, except for their thin bases adjacent to the spine. These are deep dorsoventrally and indicate that the missing articular faces looked more strongly inward than upward. Superiorly they are braced by the supraprezygapophyseal laminae. Additional support is given by the supradiapophyseal lamina that terminates near their superior borders. The postzygapophyses are somewhat beneath the base of the spine. Their articular faces are poorly defined.
The spine on caudal 1 is badly distorted by crushing, which somewhat obscures its structure. It is composed primarily of prezygapophyseal, postzygapophyseal, prespinal, and postspinal laminae. The spine viewed from the front gradually widens from the base upwards. (See pl. 8, fig. 1 .) The prespinal and postspinallaminae have their surfaces rugosely roughened throughout the greater part of their lengths. The prespinal is the more prominently developed. There is only slight evidence of emargination of the top of the spine. On the lower posterior angle chevron facets are developed. Anterior to these facets the median surface is flattened, with little indication of the lateral ridges that form such a conspicuous feature in the most posterior vertebrae.
Caudals two to thirty may be discussed as a group. From the table of measurements on page 32 it will be noted that the centra gradually decrease in length posteriorly asfar as the thirteenth; beyond which they gradually lengthen for a few vertebrae and then progressively shorten to the end of the series. The last two show a more rapid reduction in size than those before, suggesting a near approach to the whiplash that probably was present, as in the South American Titanosaurus australis.
The centra have a pronounced ball on the posterior end with a deep cup on the anterior. Viewed endwise (see pI.
8) caudal 2 is higher than wide, which proportion persists back to caudal 12. The fourteenth shows subequal diameters, and the remaining members of the series are wider than high.
The chevrons are articulated intercentrally, and the articular facets are clearly observable posteriorly as far as caudal 18.
The inferior caudal surfaces, posterior to caudal 1, are rudely rectangular in outline, but slightly expanded at either end. Commencing with caudal 2 the conspicuous feature of the ventral view is the pair of lateral ridges developed on either side of the centrum. Anteriorly these begin 60 to 70 millimeters posterior to the lip of the cup and terminate posteriorly at the beginning of the ball; at the posterior termination of each ridge the ends are obliquely truncated, thus forming facets for the articulation of the chevron. These ridges become progressively less and less conspicuous posteriorly, practically disappearing on caudal 14. Although chevrons persist as far as caudal 25, distinct facets for their articulation appear for the last time on caudal 18. The median longitudinal channel, which is such a conspicuous feature of the ventral surface on the anterior third of the tail, has all but disappeared on the posterior members; on the eighteenth centrum all that remains are shallow median depressions at either end, and these persist to the last of the vertebral series but become shallower and less well defined in the posterior caudals. On the' anterior ventral end of caudals 29 and 30 a decided median notch appears in the border of the cup. (See pI. 8.)
Except on the first caudal the transverse processes are heavy, rounded, and blunt, and they project outward and backward, springing about equally from the arch and the top of the centrum. These processes gradually decrease in length posteriorly, disappearing after caudal 8. The next four vertebrae have raised, roughened rectangular areas (see pI. 6) in lieu of transverse processes, and from caudal 13 to 26 these areas are replaced by a raised longitudinal ridge. The ridges gradually decrease in size from front to back, disappearing entirely on caudal 27.
The prezygapophyses are strongly developed throughout the caudal series and were probably functional as far back as caudal 23. They regularly increase in size from the first to the thirtieth. In the anterior caudals the prezygapophyses are deep dorso-ventrally, are exceptionally long, and strongly overhang the ends of the centra. They appear to have a downward curve, an appearance due largely to the convex contour of their upper borders. The articular faces look. more strongly inward than upward. On the anterior vertebrae the prezygapophyses are strengthened superiorly by supraprezygapophyseal laminae and inferiorly by the walls of the neural arch. The laminae largely disappear posterior to caudal 13. Near caudal 13 the prezygapophyses are long and fingerlike, becoming progressively shorter posteriorly until on caudal SHORTER CONTRIBUTIONS TO GENERAL QEOLOGY, 1946 I 27 their anterior ends terminate within the end of the centrum. (See pl. 7, fig. 27 .) On many vertebrae one prezygapophysis is shorter than its opposite fellow.
The postzygapophyses are at the base of and slightly beneath the spine and face outward and slightly downward. From first to last these articular facets are poorly defined.
The spine on the caudals is composed primarily of the prezygapophyseal, postzygapophyseal, prespinal, and postspinal laminae. Except for the prezygapophyseal, these laminae largely disappear as distinct structures near caudal 7.
The neural arches throughout the series arise from the forward half of the centrum and are present on all 30 vertebrae.
The spines of the anterior caudals are relatively short, contrasted with the attenuated spines corresponding in Apatosaurus and Diplodocus. They rapidly decrease in height posteriorly and disappear as separate structures near caudal 15, in this respect most nearly resembling those of Brachiosaurus. The spines are simple, none having emarginate tops as in Apatosaurus and Diplodocus.
In comparison with Titanosaurus australis the caudal vertebrae of Alamosaurus are simple and rectangular, viewed from the side, with a squarely truncated upper extremity. The tops of the spines are transversely widened on the first nine vertebrae, but more especially on the first six. In the anterior caudal spines the anterior and posterior surfaces are strongly rugose, probably in connection with the attachment of strong interspinous ligaments. At the base of the spines both front and back are deep pits leading into the interior of the bone, and these continue posteriorly as far as the eighteenth vertebra.
Caudals 5 and 6 are coossified by their centra. (See pl. 5, figs. 5 and 6.) There is little distortion of the bones, and very little extraneous bony matter extends over the joint. It is in no way comparable to the lesion on the sauropod caudals described and illustrated by Moodie, 17 but the union may have been brought about by a slight injury.
The outstanding features of the caudal region of Alamosaurus sanjuanensis may be summarized as follows: ------------ Commencing with caudal 1, intervertebral chevron bones are present as far back as the twenty-fifth, which, from its small size, is probably the last of the series. For the sake of clearness in discussing the chevrons they are . enumerated with the vertebrae, the most anterior numbered one. All were found articulated, and their arrangement here may be considered as positively determined.
In having a chevron on caudal 1, Alamosaurus is in accord with Apatosaurus but differs from Diplodocus, in which the first chevron is carried on the second caudal.
In this series (see fig. 4 Even where the two halves are separate the form of the articular end is retained in the anterior pairs, but succeeding this .type are elongated, subrounded, ossic1elike elements that were attached on their flattened sides to the outer lower angles of the vertebrae. These paired elements not only differ in size, but also in shape. The last, or twenty-fifth, chevron consists of a single elongated, rounded ossiclelike bone. Chevrons 7 to 17 display a lack of symmetry that is unique. On these chevrons the posterior border of the right arms, just before their junction to form the spine, is noticeably in advance of the left side. This is probably an individual peculiarity, for none of the bones gives indication of being injured or diseased. 'The outstanding features of the chevrons are the great &~~e .of .the haemal opening and the fact that none is bridg~4 across with bone on the articular end. In Diplodocus t~~anterior chevrons have the haemal opening much reduced in size, whereas in Alamosaurus these openings are deep, constituting one-half the total length of the bone. Although retaining considerable depth, in chevrons 4 to 10, inclusive, these openings are somewhat less than one-half of the total length of the bone. From chevron 10 posteriorly, however, owing to progressive shortening of the spines, the haemal canal again becomes more than 695452°-46-2 one-half the total length of the bone. The longest chevrons, 4 and 5, have a greatest length of about 403 millimeters.
PECTORAL GIRDLE
The pectoral girdle is represented in this specimen by the left scapula and coracoid and both sternal plates, all in an excellent state of preservation.
Sternal plates
The sternal plates, as shown in plate 9, were found side by side not far removed from their proper relationship to the other parts of the skeleton. These paired plates are elongate, with concave outer borders, bluntly pointed in front, and with broad squarely truncated posterior extremities.
The smooth, slightly concave side apparently is the upper or visceral surface and the slightly convex side the lower or outer surface. The lower surface near the outer anterior border is marked by a sharp ridge that extends backward from the proximal end. At the anterior end this ridge stands out prominently from the surface of the bone and leans strongly toward the outer side of the plate. Its truncated anterior end contributes to the beveled, roughened articular surface of the coracoid, and in a posterior direction it rapidly recedes in height to merge into the thickened portion of the plate. The sternal at the point of articulation with the coracoid has a greatest thickness of about 110 millimeters.
The smooth, outer concave border of the bone is thin, but it thickens rapidly inward. The broad, truncate One-twentieth natural size.
Measurements of sternals, in millimeters
The left scapula coossified with the coracoid was recovered in an almost complete state of preservation, the coracoid lacking some of its anterior border, as shown in figure 6 . In size these bones rival those of the largest of the sauropod dinosaurs, measuring about 76 inches, approximately 2 meters, from end to end. The blade is especially wide throughout its length. From its narrowest heavy thickened end which they regarded as posterior is quite certainly the anterior end.
The relationship of one plate to the other along the median line also offers some perplexities, but the position of the plates as found in the ground, with the forward inner borders nearly in apposition, is probably the correct articulated position of the elements. In this position they would be as shown in figure 5 , with a deep triangularshaped cleft between their posterior ends, such as would be the relation of the stemals of Diplodocus if the position advocated by Hatcher and Holland were reversed. This position, furthermore, puts the thickened-anterior borders nearly in apposition instead of the thinner posterior borders. 'By experiment it' was determined that if the posterior halves of these bones were joined along the median line the articular facets for the coracoids would be approximately 4 feet apart, which would provide a chest measurement all out of proportion to the known dimensions of these large sauropod skeletons. . Greatest over-all length _ Greatest width at posterior end _ Greatest width at center _ posterior end is thickened on the outer third, but gradually becomes thinner toward the inner edge. The thickened portion of this end gives faint indication of indentures for the attachment of the cartilaginous sternal ribs. The irregular inner border for one-half the length of the plate is thin, but the anterior half becomes increasingly thickened as it approaches the coracoidal articular facet. These paired plates are asymmetrical to the extent that the left plate is longer and narrower than the right. This same asymmetry is also noted in a pair of sternal bones (U. S. Nat. Mus. 13786) of Camarasaurus lentus preserved in the National Museum collections. In general outline' and in other particulars these elements are in fairly close agreement. In size the sternal plates of Alamosaurus ( fig. 5 ) are the largest sternal-plates that have ever come to my attention, the right sternal, which is the longest, measuring nearly 331 feet in length (approximately 1 meter).
In outline the plates resemble those of Brachiosaurus more closely than those of Apatosaurus, Barosaurus, or Camarasaurus.
The proper articulation of these elements in the sauropod skeleton has occasioned much perplexity and much difference of opinion as to which is the anterior end. The position of the present plates in the quarry-the heavy, thickened ends facing forward-eonfirms the correctness of Professor Marsh's determination of the position of the sternals in a specimen of Apatosaurus .excelsus. 19 Additional evidence that this is the correct position is furnished by a specimen of Camarasaurus lentus (U. S. Nat. Mus. 13786), which had the sternals preserved in situ between the ribs of the two sides, both of them with the heavy, more pointed end forward. In this connection it is now quite evident that Hatcher 20 and Holland 21 were in error in their interpretation of the sternals of Diplodocus. The 
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Comparative measurements of scapulae, in millimeters to the North American material. Because of the scattered occurrence of the South American materials, the differences in the scapulae would suggest an accidental interchange of skeletal parts.
THE FORELIMB
The right forelimb, including the foot, was found articulated as shown in plate 4, A. It consists of the somewhat incomplete humerus, perfect radius and ulna, and five articulated metacarpals. As found in the quarry the forelimb measured about 9 feet (approximately 2.75 meters) from the proximal end of the humerus to the distal end of the metacarpus. Its outstanding characteristic is the great length of the humerus relative to that of the radius and ulna. In comparison, a radius and an ulna of Apatosaurus of lengths almost identical with those of the specimen under discussion are associated with a humerus that is 8 inches (200 millimeters) shorter than that of Alamosaurus (see fig. 7 ), and this proportional difference obtains in both Diplodocus and Camarasaurus. Greatest over-all length of scapula and coracoid. Greatest length of scapula _ Greatest breadth of scapula _ Least diameter of blade _ Greatest diameter of upper or distal e:M.
When found, the humerus was protruding from the outcrop, and much of the anterior face of the proximal end and the entire inner angle had been eroded away, though the bone otherwise was excellently preserved. The head is centrally placed, forming a rounded prominence that is especially conspicuous in its posterior aspect.
The deltoid extends well down on the outer side of the shaft, is heavy, and overhangs the center of the shaft. This feature has quite certainly been exaggerated by crushing. The outer side of the humerus is unusually straight ( fig. 8) , not widening out as in most other sauropod genera.
Distally the shaft terminates on the outer side in an inconspicuous radial condyle, set off by a longitudinal groove upon its anterior face. The ulnar condyle is likewise weakly defined. Viewed from the distal end the humerus is subrectangular in outline, with the median posterior border deeply and broadly hollowed out by the anconeal fossa. Viewed laterally the distal end shows a slight inclination forward. Both articular ends are rugosely roughened.
diameter it gradually widens from below upwards, as in the type. There is no special expansion of the anterior border of the blade, as in Camaraeaurus and TitanosauTUS, or of both upper borders, as in Haplocanthoeaurus and Diplodocus, its closest resemblances being with the scapula of Cetiosaurus oxoniensis. The great width of the blade as a whole at once distinguishes it from the scapula of Apatosaurus. The posterior border is sinuous, with an abrupt downward turn of the thickened portion above the glenoid fossa. The upper, or suprascapular, end is thickened transversely and gently convex anteroposteriorly. Its surface is rugosely roughened, probably for the attachment of the suprascapular cartilage.
The spine is prominent and extends forward to the border, being placed at right angles to the longitudinal axis of the bone. This ridge is much thickened and along the side toward the coracoid the bone is deeply excavated, forming a muscle fossa of great extent. The opposite side of the spine slopes sharply off to the border. In this respect it differs from the type scapula of Alamosaurus sanjuaneneis, which has a more gradual slope to this edge, as shown in plate 10, figure 1. On the internal side the scapula and coracoid are concave from end to end, thus conforming to the shape of the thorax.
In the formation of the glenoid fossa the coracoid and scapula contribute about equally. The sutural union of these two bones is so fully fused that their line of coalescence is difficult of detection. The coracoid has the usual subrectangular outline, its vertical and longitudinal diameters being about subequal. The outer side is irregularly convex, the inner concave. Approaching the glenoid fossa this border rapidly thickens. The bone is perforated by a large elliptical foramen that passes diagonally backward through the bone, emerging on the inner side close to the coraco-scapular suture.
In general the scapula closely resembles the type of Alamosaurus sanjuanensis, differing only in a few details, such as having a more sinuous posterior border, a more rapid slope from the thickened spine upward to the border, and slightly smaller size. None of the differences observed could be considered. as more than individual variation, and for that reason, substantiated by the close resemblance of the ischia to the paratype, this specimen is referred to Alamosaurus sanjuanensis.
The scapula of Alamosaurus is quite different from the scapulae of Titanosaurus australis as figured and described by Huene.P In view of the close resemblances found in the other bones, the total dissimilarity of the scapulae and coracoids of these two species leads me to question the validity of the association of the South American scapulae with the Titanoeauru« skeleton, especially since the corresponding bones assigned to the genus LaplatasauTUs,23 except for size, bear a much closer resemblance The ulna is longer and heavier than the radius. It differs from most other sauropod ulnae in developing a stout, blunt olecranon process, which stands up prominently behind the articular surface for the humerus, as shown in figure 9 . The ulna of Aegyptosaurus barharijensis Stromer, 24 a true member of the Titanosauridae, shows a somewhat similar blunt olecranon process. Posterior to the projection just described, and separated from it by a narrow notch, is a second, lesser projection. Viewed from the proximal end the ulna has the usual subtriangular outline, being hollowed out in front for the reception of the head of the radius. The distal end is reniform in outline, with the concave side looking inward and backward. This end is heavier than that of the radius and more expanded than the angularly rounded end of the ulna of Apatosaurus. The proximal half of the inner surface is hollowed out both longitudinally and anteroposteriorly.
The radius has a slightly constricted, bowed shaft, with ends about subequal. The upper articular end is slightly concave, the lower convex; the surfaces of both are rugosely roughened. In the articulated position in which these bones were found the shaft of the radius partly crosses that of the ulna, as shown in figure 9 .
In discussing the various bones found in the "Sauropod bed" at Bara Simla, India, Huene and Matley 25 reached certain conclusions as to their association that in the light 24 Stromer, E., Ergebnisse der Forschungsreisen Prof. E. 
MetacarpUI

B
The metacarpus of Alamosaurus, consisting of five elements, was found articulated, and, except for the badly abraded anterior surfaces of metacarpals I and II (metacarpals I and II, fig. 10 ), all are in a good state of preservation. There was no indication of ossified carpal bones. In order. to preserve the precise relationships of these articulated foot bones, they were prepared in deep relief, but this procedure has the disadvantage of leaving their posterior sides partly hidden in the matrix. v of the articulated forelimb of Alomosaurus seem to be in error. On the basis of proportionate lengths, Huene and Matley concluded that the lower-limb bones were too short for the length of the humerus. If the same ratio obtains between the two segments of the forelimb as in Alamosaurus, the radius and ulna assigned to the Indian form are somewhat overlong instead of being too short, as shown by the measurements given below: Although the difference in measurements of the Indian specimens seems to indicate that these bones do not pertain to a single individual, they are at least close enough to warrant the suggestion that in all probability the segments of the forelimb bones of Titanosaurue and Antarciosaurus had approximately the proportions of the forelimb of Alamosaurus. In articulated position the metacarpals interlock at their proximal ends (see fig. 10 ) forming a semicircle, a structure with a stability that conforms well to the great weight they are called upon to support. The metacarpus as preserved has the arc of this semi-circle flattened, so that metacarpals IV and V lie directly behind the other elements. Thus, in preparing figure 73, I, II and III were drawn as found articulated, and IV and V separately from a direct front view of each, in order to show more clearly their relative proportions.
M easuremenis of ulna and radius
The metacarpals of Alamosaurus are elongated; I and II, the longest of the series, are subequal in length, the remaining metacarpals becoming progressively shorter toward the outside of the manus.
The anterior face of metacarpal I in this specimen has been <so badly planed off by erosion that its contours have been largely destroyed. The posterior side, however, is in good preservation. This surface between the expanded ends gradually widens from above downward. On the proximal half of the external side this bone presents a flattened, beveled triangular surface that forms the chief articular contact for metacarpal II. Viewed from the end the distal extremity is rectangular in outline with the greatest diameter transverse. The articular surface of this end extends well upward on both anterior and posterior faces, being about subequal in extent. This description of the distal end of metacarpal I would apply equally well to the other metacarpals with the exception of V, which has the most robust distal end of any of the series.
Metacarpal II, which has the same length as I, may be distinguished by the subreniform outline of the proximal end. The greatest diameter of this extremity is anteroposterior. The external concave side of this end articulates with the internal side of metacarpal III. Viewed from the front, the shaft is transversely constricted above its midlength, but regularly widens from this point to the distal end, especially along the external side.
Metacarpal III is slightly shorter than II but more slender. The proximal end is triangular in outline, narrowing to an acute angle posteriorly. In a lateral view the shaft grows regularly wider from the distal third upward. In articulated position the proximal end is closely wedged in between metacarpals II and IV. (See fig. 10.) Metacarpal IV, as shown in the table of measurements, is intermediate in length between III and V. The shaft is slightly twisted, thus bringing the planes of the two ends, viewed from the front, slightly out of alignment. Between the expanded ends the shaft is moderately constructed transversely. Viewed laterally the shaft widens regularly from the distal third upward. The proximal end is triangular in outline.
Metacarpal V is nearly as long as IV and equally stout. The proximal end is subrectangular in outline, with the longest diameter transverse. In articulated position little more than one-half of the anterior surface at the proximal end is in articulation with metacarpal IV. the longest, reaching a length of 634 millimeters, or more than 8 inches (200 millimeters) longer than metacarpal I, the longest in the Alamosaurusfoot. The Alamosaurus metacarpals have relatively stouter shafts, and their proximal ends differ from those of Brachiosaurus in outline and relative proportion. The manner of articulation, however, of the metacarpals in these two genera is remarkably similar.
Measurements of metacarpals, in millimeters
The foot clearly demonstrates the erect columnar position of the metacarpals in the articulated manus and . . shows them to have been arranged in a semicircular position, a relationship made possible by the triangular form of the proximal ends of metacarpals II, III, and IV, as shown in figure lOA. Because of the decrease toward the outside in the lengths of the metacarpals, it is quite apparent that the metacarpus had a correspondingly slanting position. The proportionate lengths of the metacarpals are quite unlike those of such sauropods as Apatosaurus and Camarasourue, in which the lateral elements are shortest. This would seem to indicate for Alamosaurus a foot in which the supported weight is more evenly distributed on the separate toes than in Apatosaurus and Camarasaurus. It might also imply a different digital formula, but unfortunately none of the phalangial bones were preserved with this specimen.
THE PELVIC REGION
Of the bones of the pelvic region, only the ischia were collected. The sacrum was noted in the field, and it appeared to consist of five vertebrae.
The coossified ischia were found in articulation with remnants of the ilia and pubes. The left ischium is fractured below the articular end, and this part is turned upward at nearly right angles to the main part of the bone. Otherwise it is nearly complete. The right element lacks the articular ends for the ilium and pubis, but in between, a part of the acetabular border still remains.
The ischia are thoroughly coalesced for their full length along the median line. The exact outline of the anterior border is somewhat uncertain, either because this border has been telescoped or because the overlying bone is a narrow portion of the pubes that has slipped by the articulation and rests upon the ischia. If the latter, it indicates the pubes were closely joined across the entire anterior border of the ischia, thus entirely closing the pelvis from below.
The ischia are relatively short and broad with little expansion of their distal ends. Viewed from above, the conjoined ischia are broadly concave from side to side (see fig. 11 ), becoming more gutterlike distally. The outer borders are thickened, rounded, and strongly concave, 
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THE SKELETAL PARTS IN PLACE
The specimen of AlamosauTUs llanjuanensis described was an isolated skeleton, that is, there were no bones of other animals found intermingled with it; thus all parts recovered are certainly those of a single individual. The skeleton was semi-articulated, the dorsal vertebrae protruding from a lens of soft, yellowish, friable sandstone. These bones lay practically on the surface and were 80 disintegrated that no attempt was made to collect them. They formed an articulated series in line with the sacrum, and what had been a complete pelvis was present, but bottom side up. Detached and some 2 feet distant from the last sacral was the first caudal, beginning an articulated series to the tenth vertebra. Between the ninth and tenth was a slight dislocation, but from this point to the thirtieth, the tail with all the chevrons remained in articulated sequence. Most of the ribs lay on either side and at right angles to the dorsal part of the vertebral column, those of the right side, in order and regularly spaced. The left scapula and coracoid were parallel to the column, but on the right side; whereas the complete articulated right forelimb, including the foot, was on the left side (pl. 4, A) and at right angles to the vertebral column. The very large sternal plates were shifted to one side (pl. 4, B), but their proper relationship to one another was maintained. The position of the pelvis, sternal plates, and ribs clearly indicated that the carcass when entombed was lying on its back.
Of the articulated pelvis, only the ischia were sufficiently well preserved to be worth collecting. No trace was found of the hind limbs, and the neck and skull must long since have been eroded away and destroyed. 28 Huene, Friedrich von, Los saurisquios y ornitisquoios del Cretaceo Argentino: Mus. La Plata Anales, ser. 2, t. 3, pI. 14, figs. 2a, Bb-e, 1929.
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S7 Gilmore, C. W., A new sauropod dinosaur from the Oio Alamo formation of New Mexico: Smithsonian Misc. ColI., vol. 72, no. 14, pl. 2, 1922. sweeping outward and upward to the heavy expanded end for articulation with the ischiac peduncle of the ilium. The acetabular border is relatively wide, its concave surface looking outward and forward when articulated. The upper anterior angle is thickened, with a rugosely roughened surface for articulation with the pubis. The anterior border becomes gradually thinner toward the median line. Transversely, the ventral side of the conjoined ischia is slightly convex. The distal ends are but little thickened and may have formed a broad notch on the median line, but the slightly damaged condition of this border leaves uncertainty on this point.
Among the various sauropod ischia with which these bones were compared the closest resemblance was found with the paratype of Alamoeaurue sanjuanensis 27 from the Upper Cretaceous of New Mexico. These bones so closely resemble one another in all of their principal features that no doubt is left of their generic identity. Comparison shows at once that the original description of the Alamosaurus ischium erred in interpretation of the border for the pubic articulation. What appears to be a complete rugose border is now recognized as an incomplete broken edge, and the complete bone would have quite a different shape on this side. Next to Alamosaurus the ischium of Titanosaurus australis, as illustrated and described by Huene;" is of the same general type, differing in having a much narrower shaft.
RELATIONSHIPS OF ALAMOSAURUS
It is clearly evident that Alamosaurus represents one of the larger members of the Sauropoda. The markedly procoelus character of the caudal vertebrae at once distinguishes this genus from all the better known sauropodous dinosaurs of North America, and indicates that its family affiliations are with the Titanosauridae. It should be mentioned, however, that Diplodocus and Brachiosaurus, and to a lesser degree Apatosaurus, have a few anterior caudal vertebrae that might be called procoelus, which are soon superseded by those of amphiplatan style, not present in Alamosaurus. .
Among all North American sauropod genera the pre.;. served elements of Alamosaurus compare most favorably with Brachiosaurus, and although these two genera can be adequately distinguished, the several points of resemblance suggest a relationship whose implications, because of the paucity of our knowledge of the Alamosaurus skeleton, cannot be fully weighed at this time.
The most apparent of these common features are an elongated humerus; a stout and lengthened metacarpus; relatively short, simple spines of the anterior caudal region; a lack of pleurocoels in the caudal centra; wide ischia without distal expansion; and very large, somewhat similarly shaped sternal plates.
Of the genera assigned to the family Titanosauridae, most of which are inadequately known, Alamosaurus appears to have its closest affinities with the genus Titanosaurus of India. Insofar as one can determine from the illustrations and description of the meager type materials, 695452°-46-3 the Indian Titanosaurus and the North American Alamosaurus seem to be generically identical, yet it must be kept in mind that other parts of the skeleton might display points of distinction. In fact, the South American Titanosaurus australis, known from more adequate specimens, appears, because of its much smaller size and differences found in the scapula and coracoid, to be readily distinguishable from Alamoeaurus. This fact, coupled with the wide geographical separation, leads to a decision to continue the use of.the term Alamosaurus to denote the North American representative of the Titanosauridae.
Huene has shown that Titanosaurus australis has a Diplodocus-like skull and dentition, but whether Alamosaurus has a similar development of the cranium, as yet we have no evidence.
Little is known of evolutionary trends in the Sauropoda, and it is therefore difficult to fix the phylogenetic value of the last of the Sauropoda. Altogether Alamosaurus is a type that shows no such marked specialization as do the Diplodocidae.
The neural spines of the anterior caudals are simple, not bifid, and the centra are without pleurocoels. There may have been an extension of the distal end of the tail into a long whiplash, as in T. australis, but as yet we have no evidence of this part of the skeleton. It would appear that in the elongation of the humerus and the metacarpus some specialization is shown, but here again the lack of knowledge concerning the proportions of the hind limbs leaves us in doubt as to whether the trend was in the direction of the Brachiosauridae or otherwise.
PART 2. DESCRIPTION OF A NEW SPECIES OF THE.CERATOPSIA INTRODUCTION
The first recognizable ceratopsian fossils to be discovered in the North Horn formation were found in 1935 by Messrs. E. M. Spieker and J. B. Reeside, Jr., in the vicinity of North Horn Mountain, Emery County, Utah. Additional and better-preserved specimens were collected there by the 1937 and 1939 Smithsonian Paleontological Expeditions, and, in all, skeletal parts of 11 individuals are now available. The incompleteness of these specimens, especially the lack of certain critical skull parts, leaves much to be desired for a study of the material, but the discoveries have greatly extended the known geographical range of the Ceratopsia, and one of these specimens ts sufficiently complete to be tentatively assignedasa o.ew species to the genus Arrhinoceratops Parks.
.
AVAILABLE CERATOPSIAN SPEC~S
The following specimens, all in the United States National Museum have been studied: . The genus Arrhinoceratops was established by Parks 29 on a well-preserved skull from the Edmonton formation, which skull he characterized as follows:
Supraorbital horn cores large, directed outwards and forward; nasal horn core absent; facial region short; crest relatively large, subquadrate, flat; squamosal long; parietals with oval fontinelles of moderate size; anterior process of jugal unusually long. ' The incompleteness of the pr~s~t ,skull renders its generic assignment to Arrhf,noce1'(JtOp8 somewhat conjectural, but the presence of a 'hin~flattened, subquadrangular crest; a large supraorbital horn core that is directed strongly forwardjgad a long wide squamosal are features in accordwith.thetype, A morecomplete specimen might prove the species to be distinct from ArrhinoceraWp8, but for~hepresent a tentative assignment to that genus appear,s to be the more logical course. Type locality: For the type, west side of North Horn Mountain (see fig. 13 , locality 6); for the paratype, southwest spur of North Horn Mountain (see fig. 13 , locality 8), Manti National Forest, Emery County, Utah.
Horizon : Upper Cretaceous part of the North Horn formation.
DESCRIPTION OF THE SPECIMENS
The specimen selected as the type was found disarticulated and in association with the following skull and skeletal elements, some of which may pertain to this individual: Pair of lower jaws; fragmentary parts of a maxillary, premaxillary, and pterygoid; 13 epoccipitals; posterior parts of three parieta1s; coossified atlas, axis, and third cervical; 5 dorsal vertebrae; 1 cervical rib, 8 thoracic ribs, and numerous fragments. These, scattered bones were found in a small area about 8 by 15 feet in extent, and at the time of collection a11 were thought to pertain to a single individual. Preparation, however, disclosed the presence of the posterior parts of three frill crests, indicating as many individuals and thus making it impossible to associate properly many of the scattered bones.
The question of which of the three parietals pertain to the type is to some extent solved on the evidence of the paratype. This specimen, U. S. Nat. Mus. 15875, which has a squamosal like that of 'the type, has much of the posterior half of the parietal associated with it. This bone resembles in all essential particulars two of the parietal parts found with the type. On the basis of the above association it would appear to be fair to assume that one of these bones pertained. to the type skull. For purposes of description, all three will be used, as they are practically identical.
SQUAMOSAL
The squamosal is one of the characteristic'bones of the ceratopsian cranium, and its proportionate length at once determines to what family of the Ceratopsia a specimen belongs. The squamosal of the present specimen is long and relatively wide, and is therefore referable to the long-crested line, of which Chasmosaurus, Pentaceratops, Anchiceratops, Arrhinoceratops, Triceratops, and TorosO.Ut-TUB are members.
. The squamosal of the present specimen is broad anteriorly, narrowing posteriorly. The external surface for some distance inside the border is gently concave, then. becomes convex, with another concave area paralleling the parietal border. At the posterior end this~fIl.&l surface is flattened, and the anterior end is gently convex from side to side. The parietal border oD"the p()Sterior half is much thickened, with the usual (iJfilooth, v.erticf ace, but more anteriorly it appears th:ovel'laJlth~border of the parietal. In advance of nlldlen~h,UUs~pre-sents a rounded inner.edge t~tfo!:~.~"~rm illimeters gives no evidence d{ba~~:%i,,~ct with ano~her b~ne. Lull" calls a~t~n~~i'_sau rus skull ill which the~etal doei):lOt~v~~contJJ;luous squamosal border and a '!similar~di~ion 1l1ight' explain the rounded nonsutural section iii. the present skull.
The external surfacee -of both squemoeala of the type and paratype are covered with the usual vascular impressions. That the outer border was ornamented by a series of epoccipital bones is indicated by one on the border of the type (see epoc in fig. 12 ). Given the regular quota of articulated epoccipitals, the frill would have a scalloped border.
The right squamosal bone is preserved with the paratype (U. S. Nat. Mus. 15875) and also with a referred specimen (U. S. Nat. Mus. 16169) collected in 1939. The first mentioned has the almost complete right element present, while the other has the anterior half of the right and the posterior two-thirds of the left preserved. In shape and other proportions there is the closest agreement among all three bones. The referred specimen (U. S. Nat. Mus. 16169) is larger than the others, and the external surface of the squamosal of the paratype is more profusely ornamented with vascular impressions, but otherwise all are closely similar. 30 Lull, R. S., A revision of the Ceratopsia or horned dinosaurs: Peabody Mus. Nat. History Mem., vol. 3, pt. 3, p, 25, 1933.
PARIETAL
The term parietal as used here comprises the median part of the crest that lies between the squamosals, thus returning to the use of the original designation of Marsh for this part of the ceratopsian skull. This procedure is adopted here to conform to present-day usage and thus avoid confusion in description, although the evidence does not yet seem conclusive that the median part of the frill is the parietal.
The parietal of Arrhinoceratops'l utahensis is represented by the posterior parts from three individuals, of which the paratype, U. S. Nat. Mus. 15875, is most complete. The other two were found in association with the type, but which of these pertains to that specimen is uncertain. All three have a portion of the left squamosal border preserved, as shown in plate 11. The squamosal border of the paratype, as preserved, measures 523 millimeters in length. None of the specimens shows the complete transverse width between the squamosal borders, but measurements made from the midline indicate a total width between parieto-squamosal sutures of about 1,200 millimeters; thus the complete frill would have the woportions of that of a large Triceratops. Both specimens found with the type have portions of the sutural border for the squamosal preserved, but both have comparatively smooth upper and lower surfaces, as contrasted with the longitudinal vascular sinuses that ornament at least onẽ ce of the paratype. The extreme thinness of the parietal is one of the outstanding characteristics of the Arrhinoceratops skull.
In the present specimens, exclusive of the squamosal borders, which have a greatest thickness of 24 millimeters, the maximum thickness of 18 millimeters is attained about 40 millimeters anterior to the posterior border, and from that point forward the whole bone gradually thins toward the broken anterior edge, which in places is less than 3 millimeters thick. This extreme thinness of the incomplete anterior borders strongly suggests that they participated in the formation of the boundaries of the frill fontanelles. In fact, one small anterior projection on the parietal of U. S. Nat. Mus. 15583 appears to have a finished edge. If correctly interpreted, it shows the posterior rim of the fontanelle to be 225 millimeters anterior to the posterior margin of the frill.
In the original description of Arrhinoceratops brachyops, Parks 81 notes that "there is some evidence of sutures running back from the fontanelles to the posterior margin. Such sutures would indicate the existence of an interparietal bone." From these remarks it is evident that Parks observed an obscure condition in the type skull that is in accord with the features found in one of the present specimens. The incomplete parietal that has been provisionally assigned to the type (see pl. 12, fig. 1 ) differs from the others in having two longitudinal pseudosutural divisions on either side of the midline that converge slightly in an anterior direction. It was first thought these represented true sutural separations corresponding to those noted by Parks in the type of Arrhinoceratops brachyops. The later discovery of similar divisional edges separating longitudinally the two halves of a ceratopsian squamosal and the presence of a similar division on the right side of the midline of the parietal of U. S. Nat. Mus. 16572 that is divergent in an anterior direction seems to indicate these are not true sutures and thus denies the existence of a distinct element in this part of the ceratopsian frill.
The unusual and misleading character of these pseudosutural divisions of the parietal deserves a detailed description. These are not fractures of the bone, but are natural separations that run in a straight line. On the right side the posterior part of the lateral border presents a flat vertical face that in the grain of the bone has a striking similarity to the sutural surfaces between the hyo-hypoplastral bones in certain trionychid turtles. More anteriorly the upper half of the edge projects outward and overlaps a corresponding projection of the lower edge of the adjacent section, thus making a lap joint. On the opposite side of the median section of the parietal, this condition is reversed, the lower half of the border forming the projecting edge and thus underlapping the contiguous portion of the upper. There is no indicationof these lines of separation in either of the other two parietals (D. S. Nat. Mus. 15583 and 15875). (See pI. 1l.)From this evidence it would seem that a similar condition.must have existed in the skull studied by Parks, which. misled him into concluding that he was dealing with a true suture.
The complete transverse extent of this median section of the parietal measured between the lateral edges at the posterior border is 333 millimeters. The surfaces of this bone are smooth, except for a few vascular depressions on the ventral side. The median frill region of specimen U. S. Nat. Mus. 15875 has one surface, presumably the ventral, sculptured by deep vascular sinuses, the deeper ones having a longitudinal direction, as in Arrhinoceratops brachyops.
SUPRAORBITAL HORN
The right supraorbital horn core, coalesced with the postorbital and supraorbital bones, is preserved almost in its entirety, lacking only the tip, which was lost before interment. (See fig. 12 .) This horn core is moderately stout, tapers, is compressed laterally, and is elliptical in cross section throughout the great part of its length, as in Torosaurus. It appears quite probable that some of this transverse flattening may be attributed to postmortem deformation. The horn core rises well forward above the orbit, is strongly inclined anteriorly, and differs from the brow horns of Arrhinoceratops brachyops in being only slightly inclined outward. The regular forward curve of the basal half of the horn core is reversed in the upper half, thus bringing about an upward tilt at the tip. The surface of the horn core is covered with the usual vascular impressions, and there is obscure indication of sulcation, extending downward for a' short distance from the tip on the anterior side. The orbit lies under the anterior margin of the horn, as in Pentaceratops. '2 Lull, R. S., op, cit., p. 129, 1933. Specimen D. S. Nat. Mus. 16169, which is provisionally identified as pertaining to Arrhinoceratops? utahensis, is considerably larger than the type. It has the right supraorbital horn core preserved in almost its entirety (see pl. 12) and the detached basal half of the left. The right horn is of the same slender, tapering form as that of the type, but it stands more erect, and is nearly 8 inches longer. :Et differs further in having a distinct sulcus extending downward from the tip for more than half its length, the depth of which has been exaggerated by crushing. Sulcated horns in the Ceratopsia are rare, and Lull 32 is of the opinion that their presence or absence is of little significance•. However, the presence of sulcation in the brow horns. of all the Arrhinoceratops specimens known at the present time suggests a certain constancy in this genus that may have some meaning.
Comparative measurements of supraorbital horns in millimeters
JUGAL
The right jugal is completely preserved, although it was found detached from the other skull elements. The precise agreement of the sutural borders with those of the lachrymal and postorbital leaves no doubt that it pertains to the same individual as the supraorbital horn core described above. In its more slender proportions, andespecially the more restricted expansion of the proximal end, it differs markedly from the more robust jugal of Arrhinoceratops brachyops. In fact, the jugal of that species differs so much from those of other ceratopsians as to lead one to wonder if its outline has been correctly interpreted. If correctly delimited, it furnishes important features for distinguishing Arrhinoceratops brachyops from the species here described.
The jugal under description has a truncated anterior process that joins the maxillary, contrasting with the long and tapering process in Arrhinoceratops brachyops. Likewise, the posterior process that joins the squamosal is much shorter and narrower. The greatest length of the present jugal from the orbital border to the distal end is 373 millimeters, and its greatest width from the maxillary contact to the squamosal border is 355 millimeters. The thickened orbital border contributes 65 millimeters to the inferior rim of the orbit.
Both quadratojugal bones of U. S. Nat. Mus. 15583 are preserved, but they are not quite complete. In articulated position the quadratojugal is imposed between the lower internal side of the jugal and the lower outer side of the quadrate. A heavy, downwardly projected process articulates with the epijugal by rugose suture. The quadratojugal may have contributed to the formation of the lower border of the infratemporal fossa, as in Triceratops, but this feature cannot be positively determined, as, unfortunately, both quadratojugals are imperfect in this respect. In M onoclonius the quadratojugal does not participate.
LACHRYMAL
The lachrymal is triangular in outline, with a heavy expanded end that contributes to the anterior rim of the orbit. It is united closely with the upper border of the anterior branch of the jugal by a longitudinally grooved, sutural articulating border. The upper anterior border is deeply excavated, leaving a slender anterior process that extends between the jugal and nasal.
EPIJUGAL
The right epijugal was found detached, but its sutural contact with the jugal clearly indicates that it pertains to specimen U. S. Nat. Mus. 15583. In position it articulates on the lower outer extremity of the jugal, extending prominently outward, backward and downward. (See fig. 12 .) Its outer end is bluntly pointed, upper surface shallowly concave, and ventral surface strongly convex. A triangular, cupped, articular end projects inward below the level of the jugal to meet a thickened, rounded projection from the quadratojugal. The outer surfaces are covered with the usual vascular markings. In shape and proportions the present bone has a close likeness to the epijugal of Arrhinoceratops brachyops.
QUADRATE
A right quadrate found in this same assemblage may quite certainly be assigned to the type, as indicated by the close articulation of the sutural surfaces with the quadratojugal and epijugal bones. The end of the quadrate that articulates with the lower jaw has a greatest transverse diameter of 115 millimeters, a greatest anteroposterior diameter of 41 millimeters, and a greatest length of about 355 millimeters.
EPOCCIPITALB
Thirteen detached epoceipital bones were found in this quarry, of which about half represent complete elements. Eight of these, although differing somewhat in size, are relatively large and closely resemble one another in shape.
Since these eight peripheral elements resemble the epoccipitals found attached to the squamosal of the type and to the parietal of the paratype, it is assumed that all pertain to Arrhinoceratops'l utahensis. These elements are elongated and have a sharp outer edge and a raised median apex, as shown in plate 13, figures 1 to 5. Their external surfaces are ornamented with vascular impressions which suggest that in life they probably had a horny, skinlike covering. Their inner borders are hollowed out longitudinally to conform better to the rounded borders of the squamosal and parietal, along whose periphery they were arranged. With the epoccipitals in position, the border of the frill must have had a scalloped form.
The five smaller epoccipitals are slender (see pI. 13, fig. 1 ), triangular in cross section, and lack the median apex. Their surfaces also lack vascular markings. Their position on the frill is not known at this time.
RELATIONSHIPS OF THE SPECIMENS
The incompleteness of the type materials and especially the lack of critical parts has made it difficult to reach a satisfactory conclusion as to the true relationships of the specimen under discussion. As mentioned previously, the squamosal indicates the affinity of the species with the long-crested group of the Ceratopsia. The greater relative width of the posterior portion of the squamosal of Arrhinoceratopsiutahensis distinguishes it from the corresponding element in Chasmosaurus, Pentaceratops, and Torosaurus, all of which have the posterior extremity of this bone narrow and tapering. In general outline and proportions the squamosal of Arrhinoceratops'l utahensis has its nearest counterpart in Triceratops, but the presence of fenestrae in the frill satisfactorily distinguishes them. That the affinities of the present form do not lie with the genus Anchiceratops is indicated not alone by differences in the form of the squamosal bones, but also by the absence in the Utah specimen of the heavy epoccipital processes on the parietal that form such a prominent feature of the Edmonton genus. Meager though the evidence may be, this brief review appears to show that the specimen here discussed cannot be satisfactorily included in any of the above-mentioned genera. Of the known members of the long-erested Ceratopsia only Arrhinoceratops remains to be considered.
The presence in the Utah specimen of a flat, quadrangular fPII crest having an extremely thin parietal part perforated by fenestrae, and of well-developed, sulcated, supraorbital horns that curve strongly forward are features held in common with the skull on which Parks established the genus Arrhinoceraiope. On the other hand, important differences appear in the jugal bones of the two specimens. In fact, the jugal of the Parks speeimen differs so decidedly from those of ceratopsians in general that I am led to believe he must have erred in delimiting it. If such an assumption proves to be true, the observed differences in outline and proportions of the [ugals of the two species have no special significance.
In view of the above facts it is proposed to refer the North Horn ceratopsian provisionally to the genus Arrhinoceratops, as the species Arrhinoceratops'l utahensi8, which may be distinguished from the genotype by differences found in the brow horn cores.. In this species these horns curve strongly forward but with slight outward inclination, while in Arrhinoceratop8 brachyop8 they turn strongly outward.
PART 3. REVIEW OF VERTEBRATE FAUNA OF THE NORTH HORN FORMATION INTRODUCTION
A new locality for Mesozoic reptiles was made known through the discovery by E. M. Spieker in 1934 of fragments that could be identified as dinosaurian. This locality, in the vicinity of North Horn Mountain (see fig. 13 ), Manti National Forest, Emery County, Utah, was again visited in 1935 by Spieker and J. B. Reeside, Jr., who were successful in obtaining specimens that could be positively identified as pertaining to ceratopsian and hadrosaurian dinosaurs. These fossils definitely indicated the Upper Cretaceous age of the lower member of the sequence that Spieker has since named the North Horn formation.
In anticipation of opening up a new field for horned and other dinosaurian specimens and also in the hope of obtaining materials that would more accurately date the beds in which the fossils are found, the Smithsonian Institution in 1937 sent an expedition under my direction 13 .) This map is based, with modifications, on Geological Survey topographic sheets, and was drawn by Dr. Gazin, through whose kindness it is presented herein.
Locality 3 in the Dragon Valley has been referred to as the "lizard locality, "33' because of the considerable number of lizard specimens that have been found there. Dinosaurian specimens in this same area were found both above and below the lizard horizon, and a few characteristic caudal vertebrae of Alamosaurus were found at the same level. All the vertebrate specimens came from a large depressed block of Upper Cretaceous sediments that had been dropped by the north-south faults traversing this area. The precise relationship of this bone-bearing level to the fossil-bearing zone around North Horn Mountain has not been determined, but the presence of Alamosaurus remains in both strongly suggests that they are at about the same level in the formation.
The specimens found on the west side of North Horn Mountain were considered by Spieker from examination in the field to be at about the same level in the formation as those from locality Ion the southwest side.
With the exception of Champsosaurus and Crocodylus remains, which also may be found in the overlying Paleocene strata, all dinosaurian and other reptilian fossils found in this area have come from the lower 850 feet of the North Horn formation, which consists of variegated shales and sandstones that are conglomeratic in places. One fragmentary dinosaur specimen found in place a short distance from locality 1, but not collected, was of interest in being at the lowest level in the formation at which a vertebrate was found. This specimen was estimated to be less than 200 feet above the top of the Price River formation, which outcrops in this section. The fauna of the North Horn formation, as shown, consists almost entirely of reptiles. Five different orders are now recognized. Of these the Dinosauria are the most~significant; they pertain to well-known groups whose geologic history is well understood, and they definitely indicate that the beds in which the fossils are.Jound are of Upper Cretaceous age. Until recently the large sauropod, Alamosaurus sanjuanensis, had been found in association with horned dinosaurs (Ceratopsia), duck-billed dinosaurs (Hadrosauridae), and carnivorous dinosaurs (Deinodontidae) only in the Oio Alamo sandstone of the San Juan Basin in New Mexico. This association strongly indicates the equivalence in age of the North Horn formation and the Ojo Alamo sandstone, and the conclusion is further strengthened by the presence in both formations of four genera of turtles, a fish, and a crocodile. The fragmentary condition of the fish and the crocodile renders them of little importance individually, but collectively they are of value in showing the similarity of the faunas of the two formations.
Recent discoveries 34 made in the Big Bend of the Rio Grande, Tex., show the presence in that area, also, of sauropod dinosaurs in association with Upper Cretaceous Ceratopsia and Hadrosauridae.
In order to present as complete a picture of the North Horn fauna as available materials will permit, each of the known members is briefly reviewed below, and new information resulting from the latest collecting is incorporated. In addition to the recognized genera and species there are a few fragmentary specimens identifiable only as to order or family, and these are briefly discussed.
Class REPTILIA.
Order DINOSAURIA Suborder SAUROPODA Marsh Family TITANOSAURIDAE Lydekker
The large sauropod Alamosaurus sanjuanensis Gilmore was fully discussed on pages 29 to 41, and it is only necessary herein to mention the finding of new materials, Two caudal centra found by the 1939 expedition at the lizard locality, S~sec. 17, T. 19 S., R. 6 E., in the South Dragon Valley, and from the same level as one of the specimens of Polyglyphanodon, somewhat extend the geographical range of Alamosaurus. The large size and the procoelous character of these median caudal centra at once establish their identity as pertaining to the genus Alamosaurus.
A second specimen consisting of two very large thoracic ribs was collected from a small patch of badland exposures on the west side of the South Dragon Valley (NEX' sec. 12, T. 19 S., R. 5 E.). These are certainly the ribs of a sauropod dinosaur, and in all probability they record the occurrence of a third individual of Alamosaurus within this general area. Suborder CERATOPSIA Marsh In addition to the specimens of Arrhinoceratops? that form the subject matter of part 2 of this paper, several other fragmentary ceratopsian specimens were collected by the 1937 and 1939 expeditions.
The most important of these is the palatal part of a skull (U. S. Nat. Mus. 16577) articulated with the incomplete maxillaries and distal portions of the [ugals, epijugals, quadrates, and anterior portions of both squamosals. This specimen was found by G. F. Sternberg on the west side of North Horn Mountain (SW X' Sec. 36, T. 18 S., R. 6 E.). Very large hornlike epijugals (see pl. 14, fig. 3 ), large coossified epoccipitals on the anterior border of the squamosal bones, and a more open squamosal-jugal notch appear to show its distinctness from Arrhinoceratops. The large size of the epijugals suggests relationship to Pentaceratops, a Kirtland genus that might be expected to occur here, JC Brown, Barnum, oral communication.
but lack of other diagnostic parts in the present specimen does not permit verification of this. The chief interest in the specimen lies in the fact that it indicates the presence in the fauna of a second, as yet undetermined ceratopsian.
Intermingled with the bones of the type of Arrhinoceratops? utahensis were parts of the frill of an individual that may represent a third type of ceratopsian. These materials include a median portion of the frill crest, a considerable section of the median bar of the frill, and a portion of its anterior end showing the supratemporal fossa. No direct contacts between these three frill parts have been found, but their relative positions in the quarry were such as to suggest strongly that they belonged to one individual. Furthermore, the relative thickness of the broken ends, as well as the contours of contiguous parts, are in complete harmony with such a conclusion. These detached parts, arranged in relative sequence, are illustrated in plate 14, figures 1 and 2.
The crest portion shows a divisional partitioning of the parietal as in the type of Arrhinoceratops? utahensis. A pseudosutural edge on the right side of the parietal is the counterpart of those in the type of Arrhinoceratops? utahensis, with the exception that it runs forward . and outward. Thus, if the opposite sutural edge, which is missing, should have the same course, they would be divergent, whereas in Arrhinoceratops' utah.ensis they converge in an anterior direction. This crest portion thickens on the median line, and on the dorsal side, 100 millimeters anterior to the free margin, a low, rounded boss marks the midline. (See pl. 14, fig. 2 .) In front of this boss the surface slopes downward on either side. The broken anterior end has a thickness of 25 millimeters. The under side is regularly concave from side to side, the surface being marked by a few vascular impressions. The free border is slightly undulating and shallowly concave from side to side as contrasted with the convex border of the parietal of Arrhinoceraiopet utahensis. The undulations may be the coossified epoccipital bones. The median, or bar, portion of the frill (pl. 14, fig. 4 ) measures 490 millimeters in length. The bone as a whole is roof-shaped, with a heavy, rounded median ridge. Viewed laterally, the crest of this ridge is undulating, owing to a series of longitudinal swellings arranged one in front of the other. The bone thins out away from the midline. On the right side for a short space near midlength is what appears to be a finished edge. If this interpretation is correct, it would be a portion of the inner border of the right fenestra, and would indicate the median bar to have a width of approximately 226 millimeters between the fenestrae, thus resembling Arrhinoceratops and Torosaurus, rather than the very narrow bar of Chasmosaurus or Anchiceratops.
The anterior end of the parietal has a rounded median ridge with steep lateral sides and a relative thickness of the bone that agree with the corresponding features of the anterior end of the median part described above and that give every indication that the two parts belong together. On the left side the outline of the supratemporal fossa is distinctly indicated.
These three frill parts, with some allowance for the missing connecting pieces, have a combined length from end to end of about 984 millimeters, thus indicating an individual having about the same frill proportions as the type of Arrhinoceratops? utahensis. The greater thickness of the frill portions, the concave medianposterior border, the rounded median boss on the dorsal surface are all features that show the probable distinctness of this specimen from Arrhinoceratops. The available materials are too meager for generic designation and furthermore there is the possibility that this type of development may pertain to the ceratopsian with the large epijugals, previously mentioned, of which at the present time there is no information regarding the frill.
In the collections there are six other individuals of the Ceratopsia, each represented by a single bone, These are a left humerus (U. S. Nat. Mus. 16168), a right pubis (U. S. Nat. Mus. 15665), a left pubis (U. S. Nat. Mus. 16576), a right dentary (U. S. Nat. Mus. 16575), a left dentary (U. S. Nat. Mus. 16574), and the posterior half of an ilium. These bones are of no special significance, as genera in the Ceratopsia cannot be determined from any of them. They do permit the suggestion, however, that in this area ceratopsian dinosaurs may have been more abundant than members of the Hadrosauridae, whereas in most other Upper Cretaceous faunas the latter usually predominate in number of specimens.
Family HADROSAURIDAE Cope A complete right femur, U. S. N. M. 16318, collected in 1939 from locality 7 (see fig. 13 ), is the only evidence obtained of the presence in this fauna of one of the larger representatives of the Hadrosauridae. In size it would be comparable to Kritosaurus or Parasaurolophus of the Ojo Alamo and Kirtland formations, respectively. This femur (see pl. 14, fig, 1 ) has a greatest length over all of 1,122 millimeters.
That a much smaller member of the Hadrosauridae exists in this fauna' is indicated by an articulated ulna, radius and partial forefoot, U. S. N. M. 13808. In size it pertains to an animal smaller than Procheniosaurus. This specimen was collected in 1935 on the southwest spur of North Horn Mountain, only a few yards from the site of the partial skeleton of Alomoeaurus sanjuanensis discovered in 1937. (See fig. 13, loco 1) . The presence of carnivorous dinosaurs mthe North Horn formation is shown by the finding 'Of several characteristic teeth, a large claw pertaining-to the manus, and the distal half of a lateral metatarsal. These "were not found in association, and it is therefore assumed-tha.t each pertained to a separate individual.. 'Although none of the parts is adequate for generic determination, each is sufficiently diagnostic to indicate the occurrence here of a carnivorous dinosaur of the size of the Upper Cretaceous Gorqoeaurue.
Order SAURIA Family POLYGLYPHANODONTIDAE Gilmore Nearly complete and partially articulated skeletons of Polyglyphanodon sternbergi Gilmore enabled me to describe its skeletal anatomy." Altogether, the remains of nearly 50 individuals of Polyglyphanodon have now been assembled, thus making it the best known of all North American lizards. These specimens came from one small area (S. 72 sec. 17, T. 19 S., R. 6 E.) located in the central part of the South Dragon Valley and referred to in this paper as the lizard locality ( fig. 13, loco 3) .
Since no fossil lizards are known in the Oio Alamo or Kirtland formations at the present time, this new lizard has no significance for correlation.
FAlltIILY UNDETERMINED
The lizard Paraglyphanodon uiaheneie Gilmore also had been described. 36 It was based on a maxillary bone found in association with specimens of Polyglyphanodon. A specimen, U. S. Nat. Mus. 16357, consisting of an anterior end of a right dentary containing six teeth, was collected by the 1939 expedition. These six teeth occupy a space 4 millimeters in length, and, as in the upper series, increase in size from front to back. The most anterior tooth is very small, and the tops of all appear to have been much worn, thus obscuring the details of their structure. Two specimens collected in 1940 have the skulls and a few/vertebrae preserved. All came from the lizard locality and from practically the same geologic level.
Order RHYNCHOCEPBALIA The record of Champsosaurus in the North Horn formation rests upon the half of a vertebral centrum picked up on the surface on the south side of North Horn Mountain. Since this aquatic reptile has a long geologic range it is of little significance for correlation.
Order CROCODILIA A single characteristic vertebral centrum picked up on the surface shows that extinct Crocodilia were present in this fauna.
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